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TIME DIVERSITY SEARCHER AND SCHEDULING METHOD 

FIELD OF THE INVENTION 

This invention relates to CDMA communication systems 
and methods, and more particularly to methods of searching for 
5 a mobile unit's code offset in such systems. 

BACKGROUND OF THE INVENTION 

In communication systems employing Code Division 
Multiple Access (CDMA) in accordance with the cdma2000 
standard, a mobile unit transmits encoded data over one or more 

10 data channels. The data are encoded by the mobile unit using 
orthogonal Walsh codes, one Walsh code for each data channel. 
The mobile unit also transmits an encoded pilot signal over a 
pilot channel. The pilot signal consists of a series of bits 
having a value of "l". The pilot channel is encoded by the 

15 mobile unit using a Walsh code orthogonal to the Walsh codes 
used for encoding the data, usually the all '^0"s Walsh code. 
The data channels and the pilot channel are then further 
encoded using a code unique to the mobile unit. The unique 
code is generated using a unique offset within a long Pseudo- 

2 0 random Number (PN) sequence, the PN sequence being known by a 

Base station transceiver system (BTS) with which the mobile 
unit is communicating. The encoded channels are then 
transmitted as a signal containing a single stream of chips. 
In signals conforming with cdma20C0, the stream of chips is 
25 arranged in CDMA frames 2 0 ms in length. Each CDMA frame 

contains sixteen Power Control Groups (PCGs) , each PCG contains 
four slots, and each slot contains 3 84 x N chips, where N is a 
rate multiplier. 

The pilot channel may also contain power control 

3 0 information for signalling transmission power level 

information. The power control information is typically 
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contained in the last slot in each PCG, and this last slot is 
referred to as a Power Control Slot (PCS) . 

Referring to FIG. 1, a communication system is shown. 
A mobile unit 100 is located a distance 102 from a Base station 
5 transceiver system (BTS) 104. The distance 102 generally 

varies with time due to movement of the mobile unit 100. The 
mobile unit 100 transmits a transmitted signal which propagates 
along a shortest path 106 to the BTS 104. Due to reflections 
off obstacles such as buildings, the transmitted signal may 
10 also arrive at the BTS 104 after propagating along additional, 
longer paths 10 8 (only one shown) . 

A receiver at the BTS receives a received signal 
consisting of the signal transmitted by the mobile unit, 
multipath contributions of the signal transmitted by the mobile 

15 unit, and signals transmitted by other mobile units. The BTS 
attempts to locate the mobile unit's data channel or channels 
within the received signal by locating the mobile unit's pilot 
channel. The Walsh code used to encode the mobile unit's pilot 
channel is the all "0"s Walsh code. Furthermore the pilot 

20 signal consists of a series of bits having a value of "1". The 
encoded pilot signal therefore consists of a series of chips 
equal to the mobile unit's unique code, other than chips within 
PCSs. The BTS can locate the mobile unit's pilot channel 
within the received signal by searching for correlations 

25 between the received signal and the mobile unit's unique code, 
which is known by the BTS . 

If the communication system employs Code Division 
Multiple Access (CDMA) , the transmitted signal will consist of 
CDMA frames. Referring to FIG. 2, the structure of a CDMA 
3 0 frame 10 is shown. The CDMA frame 10 is 2 0 ms in length and 

consists of sixteen Power Control Groups (PCGs) 12 labelled PCG 
1 through PCG 16. Each PCG 12 consists of four slots 14 of 384 
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X N chips each, where N is a rate multiplier, assumed for now 
to have a value of one. The transmitted signal includes data 
components and a pilot channel component, separated by 
orthogonal Walsh codes. The data and pilot channel are 
5 independently recoverable by multiplying a received signal by 
the respective Walsh code. More particularly, the orthogonal 
Walsh codes are such that by multiplying the received signal by 
a Walsh code and accumulating over the length of the Walsh 
code, components modulated by other Walsh codes sum to zero and 

10 are removed. In cdma2000, the pilot channel is assigned a 
Walsh code of all zeros. Accumulating the received signal 
directly will therefore remove all data components, leaving the 
pilot channel component . The pilot channel contains known 
content in the form of pilot channel symbols (typically all 

15 ones) in the first three slots of each PCG, and contains power 
control information in the fourth slot of each PCG. This 
fourth slot is referred to as a Power Control Slot (PCS) . The 
power control slot is used to carry an all ''l"s power control 
signal for a power up command, or an all "0"s power control 

2 0 signal for a power down command. 

A searcher, which is a functional block within the 
BTS 104 attempts to locate a unique code of the mobile unit 100 
within a received signal received at the BTS 104 . The received 
signal is composed of the transmitted signal from the mobile 
25 unit 10 0, including multipath contributions, and transmitted 
signals from other mobile units. The searcher measures 
correlations between the unique code of the mobile unit 10 0 and 
the received signal. Since the pilot channel has a Walsh code 
of all zeroes, performing a correlation directly on the 

3 0 received signal is equivalent to performing a correlation 

between the pilot channel multiplied by the mobile unit's 
unique code, and the contributions of the data channels are 
removed . 
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The searcher is a functional block in all CDMA 
receivers whose purpose is to detect an access request of a 
mobile or to search for multipath components over a certain 
search window. It correlates a received signal with the 
5 locally generated PN code defined by the system time for all 
possible delay offsets specified in the search window. The 
search results are accumulated over the total correlation 
interval. The search results are "fingers" to new or existing 
multipath components. There are two types of search functions: 

10 access searcher and traffic searcher. After having 

successfully completed the forward link synchronization, a 
mobile terminal enters the cell network by sending a request on 
a common unlink access channel according to a Slotted ALOHA 
scheme. An access request contains a preamble made of a un- 

15 modulated pilot followed by an encapsulated message. The 

access searcher function performs the first detection of a user 
in the cell so as to determine an access request has been made 
by a mobile. After completing the access searcher function, 
the network assigns a traffic channel to the mobile. Then the 

20 traffic searcher function is performed to search for multipath 
components over a certain search window so as to maintain the 
traffic channel which has already been established. 

There are two stages for the traffic search: preamble 
search and demodulation search. To assist the base station in 

25 initial acquisition of the user's signal, the mobile will send 
a preamble pilot signal without power control bit in multiples 
of 1.2 5 ms before sending the actual traffic data signals. 
After acquiring the mobile signal, the base station will inform 
the mobile to send the actual data signals as well as the pilot 

3 0 signal with power control bit. The base station then begins to 
do the demodulation search. 

There are basically two methods to do the 
correlations : 
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Method One: The despreading code is fixed. The 
correlation result for each offset is obtained by shifting the 
chip rate samples against the despreading code and the 
correlation is calculated by the formula 

r(k)= Y.x(n+k)c(n) 
n = l 

where x(n) is the received chip samples, and c (n) is the 
despreading code. Suppose that the search window size is M and 
the correlation length is N. This method will require M+N 
received chip rate samples and length W despreading codes to do 
the correlations for M chip offsets. 

Method Two: The chip rate samples is fixed. The 
correlation result for each offset is obtained by shifting the 
despreading code against the chip rate samples and calculate 
the correlation for each offset by the formula 

N 

r(k)= Y.x(n)c(n+k) 
n=l 

This method will require M+N despreading codes and length N 
received chip rate samples to do the correlations for M chip 
offsets . 

For the access search and traffic preamble search, 
since there are no power control bits in the pilot signals, 
method two is the preferable method to do the correlation. For 
the traffic demodulation search, since there are power control 
bits in the pilot signals, method one is the preferable method 
to do the correlation. 

It can be viewed as a FIR filter. Its output is the 
correlation result for each offset. Since the searching 
resolution is two samples per chip, we need two such filters to 
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implement the searcher. One is operated on the even chip 
samples, and the other is operated on the odd chip samples. To 
simplify the analysis, only the correlation process for even 
chip samples is dealt with. 

5 Various searcher structures are taught in co-pending 

Application No. 09/671,254 filed September 28, 2000 entitled 
"Method and System for Estimating Frequency Offset and Phase 
Rotation Correction in CDMA Systems" assigned to the same 
assignee as this application and hereby incorporated by 
10 reference. 

A current method by which the BTS may search for the 
mobile unit's code within the stream of chips will be described 
with reference to Figure 3 . The PN code is aligned with the 
slot start of the earliest received mobile signal. Then a 
15 coherent accumulation 2 0 is performed over the 3 84 chips in the 
first slot in the first PCG. Similarly a coherent accumulation 
is performed for each of the first 16 slots, i.e. all of the 
slots in the first four power control groups. These are then 
non- coherently accumulated 22. If the non- coherently 

2 0 accumulated correlation result for a given offset is above a 

threshold then the BTS concludes that the mobile unit's pilot 
channel has been located, and the encoded data can be 
extracted. The timing of the correlation is important. 
Searching for a correlation over sixteen consecutive slots 
25 requires that the searching be scheduled to begin at a slot 

boundary of the received signal, in order that the BTS does not 
evaluate a coherent correlation across any boundaries of PCSs 
of the mobile unit's signal. A coherent accumulation entirely 
within a PCS is acceptable because the PCS contains all "0"s or 

3 0 all "l"s. Scheduling of correlation measures to begin at 

mobile unit slot boundaries is not efficient to implement. 
Furthermore, when measuring correlations over consecutive 
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slots, there is a risk that the correlations will be measured 
over a period of low signal strength arising from fading. 

SUMMARY OF THE INVENTION 

Embodiments of the invention provide methods, 
searchers, base stations adapted to search for known codes 
contained in signals received over wireless channels, from 
mobile units for example. A coherent correlation is performed 
between an expected known code, and portions of the received 
signal during periods which are separated in time. 
Advantageously, by making the correlation periods separated in 
time, time diversity is realized such that if one or more of 
the correlation periods exist while the signal is of poorer 
quality, for example due to a fade, the remaining correlation 
periods may still yield a meaningful search statistic. 

In some embodiments, searching is done during time 
slots defined with reference to system time, not mobile unit 
time. Advantageously, this makes the searcher design simpler 
and more efficient. By performing time diversity searching in 
this manner, search tasks for one mobile unit(s) can be 
performed between the search task periods for another mobile 
unit resulting in a more efficient utilization of searcher 
resources . 

According to one broad aspect, the invention provides 
a method of searching for multipath components of a CDMA 
signal. The method consists of, for each of a plurality of 
correlation periods which are not entirely contiguous, for each 
of a plurality of multipath delays within a search window 
determining a corresponding coherent correlation between a 
portion of the CDMA signal received during the correlation 
period and a corresponding portion of a known code offset by 
the multipath delay. The coherent correlations determined for 
each multipath delay are then combined non-coherently into a 
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search statistic for that multipath delay. To provide an 
element of time diversity, the correlation periods are not 
entirely contiguous. For example, consecutive ones of the 
plurality of correlation periods are each separated by a 
respective non-zero time interval. In one embodiment, the 
correlation periods are uniformly spaced. 

In some embodiments, to execute the coherent 
correlations, search task periods are defined with reference to 
a system time during a search period. For each of the 
correlation periods, a corresponding search task period is 
selected during which to determine the corresponding 
correlations . 

For each correlation period, if the correlation 
period is earlier by a delay period than the corresponding 
search task period, the portion of the CDMA signal received 
during the correlation period can be buffered at least as long 
as the delay period. 

In some embodiments, the method is used to search for 
a known code within a CDMA signal which has a pilot channel 
having pilot channel slots and power control slots defined with 
reference to a mobile unit time, mobile unit time being system 
time delayed by a round trip delay to the mobile unit . 

In some such embodiments, the search task periods are 
selected corresponding with the correlation periods such that 
the search task periods do not overlap partially with any of 
the power control slots, and setting the correlation periods to 
equal the search task periods . 

In another such embodiment, the search task periods, 
correlation periods are defined such that for each search task 
period of the plurality of search task periods, if the search 
task period does not overlap partially with any power control 
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slot, the corresponding correlation period is set to equal the 
search task period; if the search task period overlaps with an 
end portion of a power control slot, the corresponding 
correlation period is set to equal a period during which the 
5 power control slot is received; and if the search task period 
overlaps with a start portion of a power control slot, the 
corresponding correlation period is set to equal a period 
preceding a period during which this power control slot is 
received. 

10 In another such embodiment, the search task periods 

are selected to correspond with the correlation periods such 
that the search task periods do not overlap with an end portion 
of any power control slot. If the search task period does not 
overlap partially with any power control slot, the 

15 corresponding correlation period is set to equal the search 
task period. If the search task period does overlaps with a 
start portion of any power control slot, the corresponding 
correlation period is set to equal a period preceding the start 
of the power control slot . 

2 0 In yet another such embodiment, the search task 

periods corresponding with the correlation periods are selected 
such that the search task periods do not overlap at all with 
any of the power control slots. 

To simplify scheduling of search tasks, the search 

2 5 task periods can be grouped into power control groups of N 

consecutive search task periods each, where N>2 . When such is 
done, time diversity is best achieved by selecting the 
plurality of search task periods to include at most one search 
task period from each power control group. For example, the 

3 0 search task periods corresponding with the correlation periods 

can be selected to consist of an Mth search task period in 
every power control group, where 1<M<N. 
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The above embodiments can be adapted to search within 
a received signal or signals for multipath components received 
from multiple units. In one embodiment, searcher functionality- 
might be provided which allows a maximum of Q correlations to 
5 be determined during each group of Mth search task periods, 
Q>1, and the search task periods for mobile units are selected 
accordingly. This can be achieved by maintaining a count of how 
many correlations are to be determined during each search task 
period, and scheduling a new search by selecting the Mth search 
10 task periods with a minimum number of correlations to be 
determined. 

Other embodiments of the invention provide a computer 
readable medium having stored thereon instructions for causing 
a computing platform to execute any one of the methods 
15 described above. 

Another broad aspect of the invention provides a 
searcher which has a search engine capable of performing Q 
search tasks during each of a plurality of search task periods 
defined in local time, where Q >l, and which has a scheduler 
2 0 adapted to schedule a search process for each of a plurality of 
known codes by selecting a respective plurality of search task 
periods during which the search engine is to execute a search 
task as part of the search process in a manner such that no 
more than Q search tasks are scheduled for any search task 

2 5 period. 

To perform the scheduling, the searcher in one 
embodiment has a counter for each search task period maintained 
by the scheduler identifying how many search tasks have been 
scheduled for the search task period. The scheduler in such 

3 0 embodiment is adapted to schedule a new search process by 

selecting search task periods having fewer search tasks 
scheduled. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail 
with reference to the accompanying diagrams, in which: 

FIG. 1 is a block diagram of a communication system 
5 employing Code Division Multiple Access (CDMA) ; 

FIG. 2 is a diagram showing the structure of a CDMA 

frame ; 

FIG. 3 is a diagram showing a conventional search 

method; 

10 FIG. 4 is a diagram showing alignment of BTS slots 

and mobile unit slots ; 

FIG. 5 is a schematic diagram showing how a single 
correlation result is computed; 

FIG. 6 is a flow chart of an example implementation 
15 of a method according to an embodiment of the invention; 

FIG. 7 is a timing diagram for the example of Figure 

6 ; and 

FIG. 8 is a flowchart of an example implementation of 
a method according to an embodiment of the invention. 

2 0 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the invention provides a method by 
which a searcher can schedule slots over which the coherent 
correlations are to be measured, implemented as any suitable 
combination of processing hardware, software, and firmware. 
2 5 According to the invention, the searcher measures the 

correlations over slots defined within a frame of reference of 
the BTS rather than over slots defined within a frame of 
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reference of the mobile unit . The frame of reference of the 
mobile unit is temporally offset from the frame of reference of 
the BTS by an amount equal to the signal propagation time 
between the mobile unit and the BTS. Slots and PCGs within the 
5 frame of reference of the BTS will be referred to as BTS slots 
and BTS PCGs respectively, and slots and PCGs within the frame 
of reference of the mobile unit will be referred to as mobile 
unit slots and mobile unit PCGs respectively. Chips in BTS 
slots do not contain any data and are used only to define a 

10 timing frame of reference, and a BTS PCG has no meaning other 
than as a grouping of contiguous BTS slots each slot defining a 
coherent interval as described in detail. The BTS slots do not 
need to be of the same duration as the mobile unit slots. In 
one embodiment, BTS slots over which correlations are measured 

15 are selected from as many BTS PCGs as possible within the CDMA 
frame, in order to minimize the likelihood that the 
correlations will be measured over a period of fading. 

Referring to FIG. 4, an alignment of BTS slots 2 0 to 
28 (only 9 of 64 shown) and mobile unit slots 29 to 37 (only 9 
2 0 of 64 shown) for the earliest path is shown. In this example, 
BTS slots and mobile unit slots have the same duration. This 
example will be used to define several terms. A temporal 
offset L (expressed in chips) exists between the BTS slots and 
the mobile unit earliest path slots due to the signal 

2 5 propagation time between the mobile unit and the BTS. PCG 

boundaries 4 0 are indicated between some mobile unit PCGs. PCG 
boundaries 3 8 are indicated between BTS PCGs. Mobile unit 
slots 32 and 36 (the fourth slot in each mobile unit PCG) are 
PCSs and the boundaries separating mobile unit slots 32,36 from 

3 0 adjacent mobile unit slots are PCS boundaries 39. According to 

the invention coherent correlations are taken only over mobile 
unit time periods which do not overlap a portion of a PCS 
because the contents of such a time period, when coherently 
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accumulated, would degrade searcher performance because of 
possible partial cancellation of the pilot channel signal. 

When scheduling BTS slots over which a correlation is 
to be measured in FIG. 4. In one embodiment, the searcher must 
5 avoid BTS slot 2 3 as the measurement of the correlation between 
the chips in BTS slot 23 and the corresponding aligned chips in 
mobile unit slots 31 and 32 would include chips within a PCS, 
namely mobile unit slot 32. similarly, the searcher must avoid 
scheduling measurement of a correlation over BTS slots 24 and 

10 27 and so on. In another embodiment, the searcher uses BTS 

slot 23, but performs a correlation on the chips of mobile unit 
slot 31 which are buffered for a period of time D referred to 
as the activation delay. Furthermore, BTS slot 24 could be 
used to perform correlation of a delayed version of mobile unit 

15 slot 32. 

A detailed embodiment of the invention will now be 
described. With this embodiment, time is divided into search 
periods of duration SP (in chips) within which an entire search 
is to be performed. In one embodiment, the search period is 

2 0 equal to one 2 0 ms CDMA frame. Referring again to Figure 4, 

the SP for this example is a 2 0 ms frame consisting of 16 PCGs, 
each containing four slots. It is noted that more generally, 
for the purpose of searching system time can be divided into an 
arbitrary number of power control groups, each containing an 
25 arbitrary number of slots. The slot definition at the base 

station does not have to be the same size as the length of the 
power control slot sent by the mobile unit. 

The search period SP is divided into search task 
periods of length STP (in chips). In the example of Figure 4, 

3 0 the search task period STP is one slot in length. A design 

parameter is a number of search tasks Q which are to be 
schedulable during a given search task period. Duplicate 
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hardware is required for each additional search task. The 
search task period STP is also the coherent correlation length. 
Referring to Figure 5, a simplified block diagram of the 
searcher is shown. System time (BTS time) is shown divided 
5 into PCGS 1 through 16, each having four slots or STPs . During 
each STP a number of search tasks can be performed. During 
each STP, a coherent correlation between an incoming sequence 
of chips and a portion of the PN code for the respective mobile 
unit is calculated. These tasks are indicated generally by 

10 STPl tasks 40, STP2 tasks 42, STP3 tasks 44 and STP4 tasks 45. 
The same task is performed in the same slot of each PCG. The 
coherent accumulations of each task for a given search are 
accumulated non- coherently with a respective accumulator 48,49 
(only two shown) the output of which is the search statistic 

15 for that search offset. Such a statistic is maintained for 
each mobile unit code position (or equivalently incoming chip 
position) within the search window size W. The peaks in this 
output indicate the positions of the multipath components. 

Each search has a respective search start time T. 
2 0 This is the chip position (referenced again to base station 

time) where the search task is activated. Referring to Figure 
4, a search activation time T is shown if a particular search 
is to start with a correlation over mobile station slot 31. 

Each search task has an activation delay D. This is 
25 the number of chips that the search task will be delayed prior 
to activation (referenced to search start position T in chips) . 
The task will actually start at the time search start position 
T + search task activation delay D. The delay is introduced 
such that the search task is schedulable in base station slot 
30 time. Referring to Figure 4, the delay D is shown which shows 
the delay necessary to enable the correlation of mobile unit 
slot 31 during base station slot 23. 
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The window size W is the length of the search window. 
It is the number of correlation offsets (in half chip units) 
over which the search task will be calculated. The value of 
the last offset of the search window (in half chips) equals 
5 Path of f set (L) + window size (W) - 1. 

Skip PCGs P is a parameter representing a number of 
PCGs that is to be skipped between two consecutive coherent 
correlations for the same search task. If P is zero, then a 
correlation is performed in the same slot of each PCG for a 
10 given search. Referring to Figure 4, if slot 23 (the fourth 
slot in PCG 1) is used for a given search, and the skip PCGs 
parameter P is zero, then the fourth slot of each PCG is used 
for the search. If P were instead equal to one, then the 
fourth slot of every second PCG is instead used for the search. 

15 Correlation accumulation number N is the number of 

coherent correlations that are performed and non- coherently 
accumulated for one search result . 

Referring to FIG. 6, a scheduling method provided by 
an embodiment of the invention is shown. For this example it 
2 0 is assumed that the coherent correlation length N is 3 84, i.e. 
one slot. It is also assumed that the incoming chip sequence 
includes power control information in the fourth slot of each 
mobile unit PCG. Because the correlation length is the same as 
the length of the power control slot, a correlation can be 

2 5 performed entirely during a power control slot without crossing 

a PCS boundary. It is noted that if the coherent correlation 
length were any greater than 384, then necessarily a 
correlation period including any of the PCS would cross a PCS 
boundary and as such would be inappropriate for coherent 

3 0 correlation. 

The method starts by initializing to zero a count, 
count (i), for each scheduling task period (step 6-1). This 
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count is the number of search tasks which have been scheduled 
in each search task period. The maximum number o£ tasks 
schedulable for a given STP is a hardware/ software design 
parameter. In this example, it is assumed that there are four 
5 scheduling task periods (STPs) . The next time a scheduling of 
a task is to occur the process starting with step 6-2 is 
carried out. This starts with the identification of the STP K 
with the minimum number of search tasks scheduled. Next, a 
determination is made in step 6-3 of whether there is a mobile 
10 unit PCS boundary within the STP (recall the STP is in system 
time, not mobile unit time) . 

If there is no PCS boundary within the STP (no path, 
step 6-3) then the search task is scheduled for that STP (at 
step 6-8) . T, the search task activation time, is set to the 

15 start of the STP. In chips, this is expressed as T = NK. D, 
the search activation delay is set to zero since correlation 
can be performed on the mobile unit chips received during the 
system slot. N = coherent correlation length is set to 3 84, P 
= skipped PCGs is set to zero, and M = correlation accumulation 

20 number is set to 16. This means that the search task is 

performed by executing a coherent correlation over 384 chips 
the Kth STP of each of the 16 PCGs and these 16 results are 
non- coherently combined. This task is then performed over a 
search window size W. The counter count (K) is then incremented 

2 5 at step 6-9. 

An example of this is shown in Figure 7A. The system 
slots of a particular PCG are indicated at 50,51,52,53 with 
slot 52 having been selected as the slot to be scheduled. Slot 
52 being the third slot, K=2 . Six mobile unit slots 
30 54,55,56,57,58,59 are shown two of which 55,59 are power 

control slots (PCS) . The mobile unit slots are received by the 
base station after a delay L. In the event slot 52 is selected 
as the STP to be scheduled, it can be seen that this overlaps 
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mobile unit slots 57,58 neither of which is a PCS. Therefore 
correlation can be performed directly over the portions of 
mobile unit slots 57,58 received during STP slot 52. 

If there is a PCS boundary within the STP (yes path, 
5 step 6-3) a determination is made at step 6-4 of whether the 
later PCS boundary is within the STP or the earlier PCS 
boundary is within the STP. 

In order to determine if the mobile PCS boundaries 
are within the STP or not, the positions of the earlier and the 

10 later mobile PCS boundaries Ep,Lp need to be calculated 

referenced to the system PCG (step 6-2A) . Recall that the 
mobile PCS is the fourth slot of each PCG which precedes the 
first slot of each following PCG and behind the first slot of 
the current PCG by three slots. Since the start of the first 

15 mobile unit slot in each PCG is simply L modulo PCG length (in 
chips) , the position of the late mobile PCS boundary Lp can be 
calculated from Lp = L modulo PCG length (in chips) - 1. The 
position of the early mobile PCS boundary Ep can be calculated 
from Ep = (L + 3xN) modulo (PCG length in chips) . 

2 0 If the later PCS boundary is within the STP (yes 

path, step 6-4), then the search task can be scheduled to 
perform a correlation over the mobile unit PCS, but delayed to 
be performed during the Kth system slot. This is because the 
mobile unit PCS will be ahead of the Kth system slot. In step 
25 6-6, the search task is scheduled for that STP. T, the search 
task activation time, is set to namely Lp-N+1, which is the 
start of the mobile unit PCS which is the fourth slot of each 
PCG. D, the search activation delay is set to NK-T since 
correlation cannot begin until the start of the STP which 

3 0 occurs at system time NK. As before, N = coherent correlation 

length is set to 3 84, P = skipped PCGs is set to zero, and M = 
correlation accumulation number is set to 16. This means that 
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the search task is performed by executing a coherent 
correlation over 3 84 chips during the Kth STP of each 16 PCGs 
and these 16 results are non- coherently conibined. This task is 
then performed over a search window size W. The counter 
5 count (K) is then incremented at step 6-9. 

An example of this is shown in Figure 7B. In this 
case it is assumed that it is the first slot 50 of the PCG 
being scheduled, so K = 0 . It can be seen that this slot 
overlaps the later PCS boundary of the mobile unit PCS slot 55. 
10 Thus, the correlation can be performed over the PCS slot 55, 

but at a time delayed to occur at the start of the STP slot 50. 

Returning now to Figure 6, if the earlier PCS 
boundary is within the STP (no path, step 6-4) , then the search 
task can be scheduled to perform a correlation over the mobile 
15 unit slot prior to the mobile unit PCS, but delayed to be 
performed during the Kth system slot. This is because the 
mobile unit PCS will be behind the Kth system slot and will not 
be received in time to perform the correlation during the Kth 
system slot. In step 6-6, the search task is scheduled for 

2 0 that STP. T, the search task activation time, is set to Ep - 

N, which is the start of the mobile unit slot prior to the 
mobile unit PCS, this being the third slot of each PCG. D, the 
search activation delay is set to NK-T since correlation cannot 
begin until the start of the STP which occurs at system time 
25 NK. As before, N = coherent correlation length is set to 384, 
P = skipped PCGs is set to zero, and M = correlation 
accumulation number is set to 16 . This means that the search 
task is performed by executing a coherent correlation over 3 84 
chips during the Kth STP of each 16 PCGs and these 16 results 

3 0 are non-coherently combined. This task is then performed over 

a search window size W. The counter count (K) is then 
incremented at step 6-9. 
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An example of this is shown in Figure 7C. In this 
case it is assumed that it is the fourth slot 53 of the PCG 
being scheduled, so K = 3 . It can be seen that this slot 
overlaps the earlier PCS boundary of the mobile unit PCS slot 
5 59. Thus, the correlation cannot be performed over the PCS 
slot 59 because that slot will not be entirely received before 
or during system slot 53. Thus the slot prior to that, namely 
mobile unit slot 58 is selected. 

In the event the STP duration is longer than the PCS 
10 slot size, then it is not possible to schedule a task which 

overlaps any portion of the PCS. In the event a selected slot 
overlaps with a later boundary of the PCS slot, that slot 
cannot be used for that search, unless a very large delay 
buffer is to be used in processing to perform searching over 
15 mobile unit chips received in the slot preceding the PCS slot, 
and this is not desirable. In the event the selected slot 
overlaps with the earlier boundary of a PCS slot, that slot can 
still be used to schedule the task, but with a delay which 
looks at mobile unit data prior to the PCS slot . This delay 
2 0 will not be as great as is the case when the later PCS boundary 
is involved. The search task scheduling efficiency is closely 
related to the search buffer memory size. 

A specific example in which the STP duration is 
longer than the PCS slot size will now be given. In this 

2 5 example, the STP slot size and coherent correlation length N is 

512, but the PCS slot size is 384. System time is still 
comprised of 16 power control groups, each with three slots. 
The correlation accumulation number N for this case is eight 
meaning that for a given search, only a slot from every second 

3 0 power control group needs to be dedicated to that search, and 

thus P = number of skipped PCGs equals one for this case. This 
also means that there are now six slots within which tasks can 
be scheduled (over two PCGs) rather than four (over one PCG) as 



122 74ROUS01U 

20 

in the previous embodiment. Each PCG has three counts, 
countl (i) , i=0, 1, 2 , and count2 (i) , 1=0 , 1, 2 

The method starts by initializing to zero the counts, 
countl (i) and count2 (i) , for each scheduling task period (step 
5 8-1) . In this example, it is assumed that there are six 

scheduling task periods (STPs) over two PCGs . The next time a 
scheduling of a task is to occur the process starting with step 
8-2 is carried out. This starts with the identification of the 
STP K with the minimum number of search tasks scheduled. Next, 
10 a determination is made in step 8-3 of whether there is a 

mobile unit PCS boundary within the STP (recall the STP is in 
system time, not mobile unit time) . 

If there is no PCS boundary within the STP (no path, 
step 8-3) then the search task is scheduled for that STP in 
15 step 8-8. T, the search task activation time, is set to the 
start of the STP. In chips, this is expressed as T = NK. D, 
the search activation delay is set to zero since correlation 
can be performed on the mobile unit chips received during the 
system slot. N = coherent correlation length is set to 512, P 

2 0 = skipped PCGs is set to one, and M = correlation accumulation 

number is set to 8 . PCG number = 1 if the selected STP is 
within system PCG 1. PCG number = 2 if the selected STP is 
within system PCG 2 , Suppose that the selected STP is in 
system PCG2 . This means that the search task is performed by 
25 executing a coherent correlation over 512 chips in the Kth STP 
of every second of the 16 PCGs starting at PCG 2 and these 
eight results are non-coherently combined. This task is then 
performed over a search window size W. The counter count2 (K) 
is then incremented at step 8-9. 

3 0 The position of the earlier and the later mobile PCS 

boundaries referenced to the system PCG can be calculated (in 
step 8-2A) in the same way as mentioned before. Ep=(L+3x384) 
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modulo (PCG length in chips) , Lp=L modulo (PCG length in chips) 
-1. If there is a PCS boundary within the STP (no path, step 
8-3) a determination is made at step 8-4 of whether the later 
PCS boundary is within the STP or the earlier PCS boundary is 
5 within the STP. 

If the earlier PCS boundary is within the STP (no 
path, step 8-4) , then the search task can be scheduled to 
perform a correlation over a portion of mobile unit chips 
received prior to the PCS, but delayed to be performed during 

10 the Kth system slot. In step 8-6, the search task is scheduled 
for that STP. T, the search task activation time, is set to 
Ep-512. D, the search activation delay is set to NK-T since 
correlation cannot begin until the start of the STP which 
occurs at system time NK. As before, N = coherent correlation 

15 length is set to 512, P = skipped PCGs is set to one, and M = 
correlation accumulation number is set to 8. PCG number = 1 if 
the selected STP is within PCG 1. PCG number = 2 if the 
selected STP is within system PCG 2 . Supposed that the 
selected STP is within PCG 1. This means that the search task 

20 is performed by executing a coherent correlation over 512 chips 
during the Kth STP of every second of the 16 PCGs starting at 
PCG 1 and these 8 results are non- coherently combined. This 
task is then performed over a search window size w. The 
counter count 1 (K) is then incremented at step 8-9. 

25 If the later PCS boundary is within the STP (yes 

path, step 8-4) , then the search task is not scheduled for that 
STP, and the process returns to step 8-2 for the selection of 
another STP with the next fewest number of tasks scheduled. 

In the event a mobile unit transmits with the pilot 
3 0 channel of some power control groups gated off, search 

scheduling must be modified to avoid using mobile unit time 
during pilot channel gated off intervals. In the event the 
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Slot selected for scheduling overlaps with such a slot, then 
the next best slot should be selected. Alternatively, the 
process can begin by finding the PCG which is not gated off and 
selecting from that system slots which overlap or slightly 
follow that PCG the slot having the minimum number of search 
tasks scheduled. This may require that multiple search tasks 
be assigned to a single mobile unit in order to have sufficient 
overall correlation length. Alternatively, the overall search 
period can be extended. Furthermore, as W, the search window 
size changes, it may be necessary to adjust resource 
allocation. For example if W doubles, then two search task 
resources can be assigned to a given search task. 

It is noted that for access searching or traffic 
preamble searching, there are no power control bits and as such 
these can always be scheduled during any system slot selected. 

In the event some mobiles have gated off power 
control groups, some are involved in access attempts and 
preamble searching, and some are regular traffic channels with 
no gated off power control groups, a search prioritization can 
be performed by scheduling mobile units with gated off power 
control groups first, followed by regular traffic channels, 
followed by access attempts and preamble searching. This 
prioritization runs from the most restricted scheduling to the 
least restrictive scheduling. 

Although the invention has been described such that 
sixteen or eight slots are selected, other correlation lengths 
may alternatively be employed. 

What has been described is merely illustrative of the 
application of the principles of the invention. Other 
arrangements and methods can be implemented by those skilled in 
the art without departing from the spirit and scope of the 
present invention. 
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1. A method of searching for multipath components of a 
CDMA signal, the method comprising: 

for each of a plurality of correlation periods which 
5 are not entirely contiguous, for each of a plurality of 
multipath delays within a search window determining a 
corresponding coherent correlation between a portion of the 
CDMA signal received during the correlation period and a 
corresponding portion of a known code offset by the multipath 
10 delay; 

combining non- coherently the coherent correlations 
determined for each multipath delay into a search statistic for 
that multipath delay. 

2 . A method according to claim 1 wherein consecutive 

15 ones of the plurality of correlation periods are each separated 
by a respective non-zero time interval. 

3 . A method according to claim 2 wherein the correlation 
periods are uniformly spaced. 

4. A method according to claim 1 further comprising: 

2 0 defining a plurality of search task periods with 

reference to a system time during a search period; 

for each of the plurality of correlation periods, 
selecting a corresponding search task period during which to 
determine the corresponding correlations. 

25 5. A method according to claim 4 further comprising: 

for each correlation period, if the correlation 
period is earlier by a delay period than the corresponding 
search task period, buffering the portion of the CDMA signal 
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received during the correlation period at least as long as the 
delay period. 

6 . The method of claim 1 wherein performing a 
correlation comprises: 

multiplying the CDMA signal received during a 
correlation period by the corresponding portion of the known 
code and by an orthogonal code which removes all components of 
the received signal except a pilot channel component. 

7. The method of claim 4 wherein the CDMA signal 
comprises a pilot channel having pilot channel slots and power 
control slots defined with reference to a mobile unit time, 
mobile unit time being system time delayed by a round trip 
delay to the mobile unit, the method further comprising: 

selecting the search task periods corresponding with 
the correlation periods such that the search task periods do 
not overlap partially with any of the power control slots, and 
setting the correlation periods to equal the search task 
periods . 

8 . A method according to claim 4 wherein the CDMA signal 
comprises a pilot channel having pilot channel slots and power 
control slots defined with reference to a mobile unit time, 
mobile unit time being system time delayed by a round trip 
delay to the mobile unit, wherein the search task period is of 
the same duration as a power control slot, the method further 
comprising : 

for each search task period of the plurality of 
search task periods: 

if the search task period does not overlap partially 
with any power control slot, setting the corresponding 
correlation period to equal the search task period; 
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if the search task period overlaps with an end 
portion of a power control slot, setting the corresponding 
correlation period to equal a period during which the power 
control slot is received; and 

5 if the search task period overlaps with a start 

portion of a power control slot, setting the corresponding 
correlation period to equal a period preceding a period during 
which this power control slot is received. 

9. A method according to claim 4 wherein the CDMA signal 
10 comprises a pilot channel having pilot channel slots and power 

control slots defined with reference to a mobile unit time, 
mobile unit time being system time delayed by a round trip 
delay to the mobile unit, wherein the search task period has a 
different duration than a power control slot, the method 
15 further comprising: 

selecting the search task periods corresponding with 
the correlation periods such that the search task periods do 
not overlap with an end portion of any power control slot; 

if the search task period does not overlap partially 
2 0 with any power control slot, setting the corresponding 
correlation period to equal the search task period; 

if the search task period does overlaps with a start 
portion of any power control slot, setting the corresponding 
correlation period to equal a period preceding the start of the 
2 5 power control slot. 

10. A method according to claim 7 further comprising: 

selecting the search task periods corresponding with 
the correlation periods such that the search task periods do 
not overlap at all with any of the power control slots. 
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11. A method according to claim 4 further comprising: 



grouping search task periods into power control 
groups o£ N consecutive search task periods each, where N>2 ; 

selecting the plurality of search task periods to 
5 include at most one search task period from each power control 
group . 

12. A method according to claim 4 further comprising: 

grouping the search task periods into groups of N 
consecutive search task periods each, where N>2 ; 

10 selecting the search task periods corresponding with 

the correlation periods to consist of an Mth search task period 
in every power control group, where 1<M<N. 

13 . A method of searching within a received signal for 
multipath components received from a plurality of mobile units, 

15 the method comprising: 

for each mobile unit : 

for each of a respective plurality of 
correlation periods which are not entirely 
contiguous, for each of a plurality of multipath 
2 0 delays within a search window determining a 

corresponding coherent correlation between a portion 

of the CDMA signal received during the correlation 
period and a portion of a respective known code for 
the mobile unit offset by the multipath delay; 

2 5 combining non- coherently the coherent 

correlations determined for each multipath delay into 
a search statistic for that multipath delay for that 
mobile unit. 
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14. A method according to claim 13 wherein for each 

mobile unit, consecutive ones of the respective plurality of 
correlation periods are each separated by a respective non-zero 
time interval. 

5 15. A method according to claim 13 wherein for each 

mobile unit, the respective plurality of correlation periods 
are uniformly spaced. 

16. A method according to claim 14 further comprising: 

defining a plurality of search task periods with 
10 reference to a system time during a search period; 

for each mobile unit, for each correlation period the 
respective plurality of correlation periods, selecting a 
corresponding search task period during which to determine the 
corresponding correlations . 

15 17. A method according to claim 16 further comprising: 

for each mobile unit, for each correlation period of 
the respective plurality of correlation periods, if the 
correlation period is earlier by a respective delay period than 
the corresponding search task period, buffering the CDMA signal 
2 0 received during the correlation period at least as long as the 
respective delay period. 

18. The method of claim 17 wherein for each mobile unit, 

each multipath component comprises a pilot channel having pilot 
channel slots and power control slots defined with reference to 
25 a respective mobile unit time, mobile unit time being system 
time delayed by a respective round trip delay to the mobile 
unit, the method further comprising: 

for each mobile unit selecting the corresponding 
search task periods such that the search task periods do not 
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overlap partially with any of the power control slots of that 
mobile unit, and setting the correlation periods to equal the 
search task periods. 

19. A method according to claim 17 wherein for each 

5 mobile unit, each multipath component comprises a pilot channel 
having pilot channel slots and power control slots defined with 
reference to a respective mobile unit time, mobile unit time 
being system time delayed by a round trip delay to the mobile 
unit, wherein the search task period is of the same duration as 
10 a power control slot, the method further comprising for each 
mobile unit: 

for each search task period of the corresponding 
search task periods for the mobile unit : 

if the search task period does not overlap partially 
15 with any power control slot of that mobile unit, setting the 
corresponding correlation period to equal the search task 
period; 

if the search task period overlaps with an end 
portion of a power control slot of that mobile unit, setting 
2 0 the corresponding correlation period to equal the period during 
which the power control slot is received; and 

if the search task period overlaps with a start 
portion of a power control slot of that mobile unit, setting 
the corresponding correlation period to equal a period 

2 5 preceding the power control slot. 

20. A method according to claim 17 wherein for each 
mobile unit the respective multipath components comprises a 
pilot channel having pilot channel slots and power control 
slots defined with reference to a respective mobile unit time, 

3 0 mobile unit time being system time delayed by a round trip 
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delay to the mobile unit, wherein the search task period has a 
different duration than a power control slot, the method 
further comprising for each mobile unit : 

selecting the corresponding search task periods such 
5 that they do not overlap with an end portion of any power 
control slot of the mobile unit; 

if the search task period does not overlap partially 
with any power control slot of the mobile unit, setting the 
corresponding correlation period to equal the search task 
10 period; 

if the search task period does overlap with a start 
portion of any power control slot of the mobile unit, setting 
the corresponding correlation period to equal a period 
preceding the start of the power control slot. 

15 21. A method according to claim 17 further comprising: 

for each mobile unit, selecting the corresponding 
search task periods such that the search task periods do not 
overlap at all with any of the power control slots of the 
mobile unit . 

20 22. A method according to claim 17 further comprising: 

grouping search task periods into power control 
groups of N consecutive search task periods each, where N>2 ; 

for each mobile unit, selecting the corresponding 
search task periods to include at most one search task period 
25 from each power control group. 

23. A method according to claim 17 further comprising: 



grouping the search task periods into groups of N 
consecutive search task periods each, where N>2 ; and 
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for each mobile unit selecting corresponding search 
task periods to consist of the Mth search task period in every 
power control group, where 1<M<N. 

24. A method according to claim 23 further comprising: 

5 allowing a maximum of Q correlations to be determined 

during each group of Mth search task periods, Q>1, and 
selecting the search task periods for mobile units accordingly. 

25. A method according to claim 24 further comprising: 

maintaining a count of how many correlations are to 
10 be determined during each search task period; 

scheduling a new search by selecting the Mth search 
task periods with a minimum number of correlations to be 
determined . 

26. A method according to claim 24 further comprising: 

15 avoiding scheduling correlations for a mobile unit 

during correlation periods during which the mobile unit's pilot 
channel is gated off . 

27. A searcher adapted to implement a method according to 
claim 1. 

2 0 28. A searcher adapted to implement a method according to 

claim 1. 

29. A base station adapted to implement a method 

according to claim 1. 



30. A base station adapted to implement a method 

2 5 according to claim 1. 
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31. A computer readable medium 

instructions for causing a computing 
method according to claim l . 



having stored thereon 



platform to execute a 



32 . 



A computer readable medium 



having stored thereon 



5 instructions for causing a computing platform to execute a 
method according to claim 1 . 



a search engine capable of performing Q search tasks 
during each of a plurality of search task periods defined in 
10 local time, where Q >1; 



each of a plurality of known codes by selecting a respective 
plurality of search task periods during which the search engine 
is to execute a search task as part of the search process in a 
15 manner such that no more than Q search tasks are scheduled for 
any search task period. 

34. A searcher according to claim 33 further comprising: 

a counter for each search task period maintained by 
the scheduler identifying how many search tasks have been 
2 0 scheduled for the search task period; 

wherein the scheduler is adapted to schedule a new 
search process by selecting search task periods having fewer 
search tasks scheduled. 

35. A searcher according to claim 33 wherein: 



33 . 



A searcher comprising: 



a scheduler adapted to schedule a search process for 



25 the search task periods are grouped into power 

control groups of N consecutive search task periods each, and 
wherein the scheduler is adapted to schedule a search process 
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by selecting an Mth search task period of a plurality of the 
power control groups, where l<]yi<N. 

36. A searcher according to claim 35 further comprising: 

a counter for each value of M identifying how many 
5 search tasks have been scheduled for the Mth search task period 
of a plurality of power control groups; 

wherein the scheduler is adapted to schedule a new 
search process by selecting the Mth search task periods having 
fewest number of search tasks scheduled as indicated by the 
10 counters for the values of M. 

37. A searcher according to claim 36 wherein: 

the search engine is adapted to execute each search 
task by for each of a plurality of multipath delays within a 
search window determining a corresponding coherent correlation 
15 between a portion of the CDMA signal received during the 

correlation period and a corresponding portion of a known code 
offset by the multipath delay; 

after executing all of the search tasks for a given 
search process, the search engine is adapted to combine non- 
20 coherently the coherent correlations determined for each 
multipath delay into a search statistic for that multipath 
delay. 

38. A searcher according to claim 3 7 further comprising: 

a buffer adapted to, for each correlation period, if 
25 the correlation period is earlier by a delay period than the 
corresponding search task period, buffer the CDMA signal 
received during the correlation period at least as long as the 
delay period. 



12274ROUS01U 



33 

39. A searcher according to claim 3 8 further adapted to 

search for known codes in CDMA signals which each have a 
respective pilot channel having pilot channel slots and power 
control slots defined with reference to a respective mobile 
unit time, the respective mobile unit time being system time 
delayed by a round trip delay to a respective mobile unit, the 
searcher further comprising, for each search process: 

a timing circuit adapted to identify where power 
control slots are expected to occur in the received signal; 

wherein the scheduler is adapted to select the search 
task periods corresponding with the correlation periods such 
that the search task periods do not overlap partially with any 
of the power control slots, and to set the correlation periods 
to equal the search task periods . 

40. A searcher according to claim 3 8 further adapted to 

search for known codes in CDMA signals which each have a 
respective pilot channel having pilot channel slots and power 
control slots defined with reference to a respective mobile 
unit time, the respective mobile unit time being system time 
delayed by a round trip delay to a respective mobile unit, the 
searcher further comprising, for each search process: 

a timing circuit adapted to identify where power 
control slots are expected to occur in the received signal; 

wherein the scheduler is adapted to, for each search 
task period of the plurality of search task periods for each 
search process: 

if the search task period does not overlap partially 
with any power control slot, set the corresponding correlation 
period to equal the search task period; 
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if the search task period overlaps with an end 
portion of a power control slot, set the corresponding 
correlation period to equal a period during which the power 
control slot is received; and 

if the search task period overlaps with a start 
portion of power control slot, setting the corresponding 
correlation period to equal a period preceding a period during 
which this power control slot is received. 

41. A searcher according to claim 3 8 further adapted to 

search for known codes in CDMA signals which each have a 
respective pilot channel having pilot channel slots and power 
control slots defined with reference to a respective mobile 
unit time, the respective mobile unit time being system time 
delayed by a round trip delay to a respective mobile unit, the 
searcher further comprising, for each search process: 

a timing circuit adapted to identify where power 
control slots are expected to occur in the received signal; 

wherein the scheduler is adapted to select the search 
task periods corresponding with the correlation periods such 
that the search task periods do not overlap with an end portion 
of any power control slot; 

if the search task period does not overlap partially 
with any power control slot, set the corresponding correlation 
period to equal the search task period; 

if the search task period does overlaps with a start 
portion of any power control slot, set the corresponding 
correlation period to equal a period preceding the start of the 
power control slot. 
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ABSTRACT 

Methods, searchers, base stations are provided which 
search for known codes contained in signals received over 
wireless channels, from mobile units for example. A coherent 
5 correlation is performed between an expected known code, and 
portions of the received signal during periods which are 
separated in time. Advantageously, by making the correlation 
periods separated in time, time diversity is realized such that 
if one or more of the correlation periods exist while the 

10 signal is of poorer quality, for example due to a fade, the 
remaining correlation periods may still yield a meaningful 
search statistic. Searching is done during time slots defined 
with reference to system time, not mobile unit time. 
Advantageously, this makes the searcher design simpler and more 

15 efficient. By performing time diversity searching in this 
manner, search tasks for one mobile unit (s) can be performed 
between the search task periods for another mobile unit 
resulting in a more efficient utilization of searcher 
resources . 



1/8 




FIG. 1 



2/8 




3/8 




^5 W - 




o 
I— 



4/8 



CO *— 

D_ CO 



r 



o 
o 



cc 
<! 

LU 
CO 

II 



CD 
CJ 

a. 



Q_ cc CO i= 

f— <c <£ or 
GO LU h- y-" 

GO Cl_ 



CM " 



e: tz 

CNI <^ o 



CM ^ 

CO CD t 
CNJ O 



m C3 H- 
CNI c_3 g 



CO 



CD tr 
cNi ^ a 



CO CD 

CM g 
Eo 



^ CO 

CD tz: 

CM 3 

^Eo 



— CD 

CM CJ 3 



CD CD t; 

CM CJ g 

. ^CO 



CoCDO 
Q_ CO 



IT 



5" 



d 

)— f 



s a 
2 >- 



C_3 uj 



CC 



5/8 



CO 











STP3 
TASKS 




STP2 
TASKS 




STPl 
TASKS 






d 



6/5 



START 



COUNT (i) = 0 
i = 0,1, 2,3 



FIND STP WITH COUNT (K) MINIMUM 



6-1 



^6-2 



CALCULATE Ep = L + 3N^„^PCe 



SCHEDULE TASK 
L,T=Lp-N + 1 
D = NK-T 



6-6 



Lp=L, 



modPCG 



-1 



^6-2A 




SCHEDULE TASK 
L,T=NK 
0=0 



s 

6-8 



-!^5?<<ATER PCS BOUNDARY 
WITHIN STP? . 

6-4 



NO, EARLIER 
BOUNDARY IS WITHIN 
STP 



SCHEDULE TASK 
L,T = Ep-N 
D = NK-T 



6-7 



INCREMENT 
COUNT(K) 



FIG. 6 



6-9 



7/8 



54 



55 



SYSTEM FRAME 
- START TIME 



50 



51 



56 



57 



STP 



52, 



53 .SYSTEM 

^ Itime 



59 



PCS 



"-modPCG 



FIG. 7A 



VT=Nk 
D=0 



PCS 



D = Nk-T 

=-T 
H 



SYSTEM FRAME 
- START TIME 



50 



STP 



51 



■"modPCG 



T = Lp-N + l 



FIG. 7B 



52. 



53 .SYSTEM 



54 

1 ^ 


55 i 

1^1 1 


56 

<^ 


, 57 

1 ^ 


1 5?i 


59 

1 




i PCS 

K ! 1 * 








PCS 



54 



SYSTEM FRAME 
- START TIME 



50 



51 



55 



PCS 



56 



57 



L, 



modPCG 



FIG. 7C 



52 OTP 53 SYSTEM 
^ ' d ITIME 



59 



PCS 



T=Ep-^ 



8/8 



C0UNT1 (i), C0Ui\IT2 (i) = 0 
i=0,1,2 



FIND STPWITH (NEXT) MINIMUM 
C0UNT1 (K), C0UNT2 (l<) 






"^8-2 




r 


CALCULATE Ep=(L+3x384)^^jpcg 
'-P = '-modPCG-^ 


^8-2A 




SCHEDULE TASK 
L,T=NK 
D = 0 

8-8 



NO, EARLIER 
BOUNDARY IS 
WITHIN STP 



CANNOT SCHEDULE 
TASK IN THAT SLOT 



SCHEDULE TASK 
L,T = Ep-N 
D = NK-T 

8-6 



FIG. 8 



INCREMENT 
C0UNT1 (K) OR 
C0UNT2 (K) 

8-9 



71493-843 /ccm 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as 
stated below next to my name; that I verily believe that I am the original, first and sole inventor (if only one 
name is listed below) or a joint inventor (if plural inventors are named below) of the subject matter which is 
clauned and for which a patent is sought on the invention entitled: 

TIME DIVERSITY SEARCHER AND SCHEDULING METHOD 



the specification of which 

(check one) M is attached hereto. 

□ was filed on 

as U.S. Application Serial No. 

□ was filed on 

as PCX International AppHcation No. 



and (if applicable) was amended on 



I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge ±e duty to disclose information known to me which is material to the examination of this 
application in accordance witii Title 37, Code of Federal Regulations, §§1.56(a) and (b), which state: 

"(a) A patent by its very nature is affected widi a public interest. The public mterest is best 

served, and the most effective patent examination occurs when, at the time an application is 
being examined, the Office is aware of and evaluates the teachings of all mformation material 
to patentability. Each individual associated with the filmg and prosecution of a patent 
application has a duty of candor and good faith in dealing with the Office, which includes a 
duty to disclose to the Office all information known to that individual to be material to 
patentability as defined in this section. The duty to disclose information exists with respect to 
each pending claim until the claim is cancelled or withdrawn from consideration, or the 
application becomes abandoned. Information material to the patentability that is cancelled or 
withdrawn fi-om consideration need not be submitted if the information is not material to the 
patentability of any claim remaining under consideration in the application. There is no duty 
to submit information which is not material to the patentability of any existmg claim. The 
duty to disclose all information known to be material to patentability is deemed to be satisfied 
if all mformation known to be material to patentability of any claim issued in a patent was 
cited by the Office or submitted to the Office in the manner prescribed by §§1.97(b)-(d) and 
1.98. However, no patent will be granted on an application in connection with which fi-aud 
on the Office was practiced or attempted or the duty of disclosure was violated through bad 
faith or intentional misconduct. The Office encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office m a counterpart application, 

(2) the closest information over which individuals associated with the filing or prosecution 
of a patent application believe any pending claim patentably defines, to make sure that 
any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information aheady of record or being made of record in the application, and 
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(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is mconsistent with, a position the applicant takes in: 

(i) Opposmg an argument of unpatentability relied on by the Office, or 

(ii) Assertmg an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that 
a claun is unpatentable under the preponderance of evidence, burden-of-proof standard, givmg each 
term in the claim its broadest reasonable construction consistent with the specification, and before 
any consideration is given to evidence which may be submitted in an attempt to establish a contrary 
conclusion of patentability." 

I hereby claim foreign priority benefits under 35 United States Code, § 119 and/or §365 of any foreign 
application(s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate filed by me or my assignee disclosmg the subject matter 
clauned m. this application and havmg a fiUng date (1) before that of the application on which priority is 
clamied, or (2) if no priority claimed, before die filmg of this application: 

PRIOR FOREIGN APPLICATION(S') 

Date First 

Filing Date Laid-open or Date Patented 

Number Country (Month/Dav/Year) Published or Granted Priority Claimed? 



I hereby claim the benefit under 35 United States Code, § 119(e) of any United States provisional 
application(s) listed below: 

A pplication Number Filing Date 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) 
listed below and, insofar as the subject matter of each of the clauns of this application is not disclosed m the 
prior United States application in the manner provided by the first paragraph of Title 35, United States 
Code, §112, 1 acknowledge the duty to disclose information which is material to patentability as defmed in 
Title 37, Code of Federal Regulations, § 1 .56(a) which became available between the filing date of the prior 
application and tiie national or PCT international filmg date of this application: 

PRIOR U.S. OR PCT APPLICATION(S) 

Application No. Filing Date Status 

(month/day/year) (pending, abandoned, granted) 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and fiirther that these statements were made with the 
knowledge that wilful false statements and the hke so made are punishable by fme or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such wilful false statements may 
jeopardize the validity of the application or any patent issued thereon. 

I hereby appoint the following patent agents with full power of substitution, association and revocation to 
prosecute this application and/or international application and to transact all business in the Patent and 
Trademark Office connected therewith: 



JAMES D. KOKONIS (Reg. No. 21178) 
ALAN R. CAMPBELL (Reg. No. 26129) 
NICHOLAS H. FYFE (Reg. No. 26134) 
ROBERT D. GOULD (Reg. No. 27523) 
THOMAS R. KELLY (Reg. No. 29244) 
MICHAEL E. WHEELER (Reg. No. 29246) 
DONALD F. PHENIX (Reg. No. 32528) 
KOHn SUZUKI (Reg. No. 44467) 
YWE J. LOOPER (Reg. No. 43758) 
CHRISTINE N. GENGE (Reg. No. 45405) 

PLEASE SEND CORRESPONDENCE TO: 



HUGH O'GORMAN (Reg. No. 26140) 
R. ALLAN BRETT (Reg. No. 40476) 
A. DAVID MORROW (Reg. No. 28816) 
JAMES MCGRAW (Reg. No. 28168) 
JOHN BOCHNOVIC (Reg. No. 29229) 
JOY D. MORROW (Reg. No. 30911) 
TOKUO HIRAMA (Reg. No. 32551) 
PfflLIP D. LAPIN (Reg. No. 44443) 
R. JOHN HALEY (Reg. No. 29,502) 
HANS KOENIG (Reg. No. 46474) 

Customer No. 07380 

SMART &BIGGAR 
P.O. Box 2999, Station D 
900-55 Metcalfe Street 
Ottawa, Ontario 
Canada KiP5Y6 
Tel: (613) 232-2486 
Fax: (613) 232-8440 



Residence: Nepean, Ontario, Canada 
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1) INVENTOR'S SIGNATURE: Date: 

Inventor' s Name : Xixian 

(First) (Middle) (Family Name) 

Country of Citizenship: CANADA 



(City, Province, Country) 
Post Office Address: 51 Paula Crescent, Nepean, Ontario, Canada K2H 8Y8 



2) INVENTOR'S SIGNATURE: Date: 

Inventor's Name: Runbo ^ 

(First) (Middle) (Family Name) 

Country of Citizenship: CANADA 

Residence: Nepea n, Ontario, Canada 

(City, Province, Country) 
Post Office Address: 710-220 Woodridge Cres., Nepean, Ontario, Canada K2B 8G1 



3) INVENTOR'S SIGNATURE 

Inventor's Name: Xin 

(First) (Middle) (Family Name) 

Country of Citizenship: CANADA . — 

Residence : Nepean, Ontario, Canada 

(City, Province, Country) 

Post Office Address: #508-1 129 Meadowlands Dr., Nepean, Ontario, Canada K2E 6J6 



Date: 

Jin 



